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As  a result  of  considerations  the  following  equation  is  given: 

r " 

describing  the  values  of  the  minimum  wetting  Reynolds  number  Re  . related  to 
the  wetting  of  the  inner  surface  of  a vertical  pipe  in  a countercurrent  two-phase 
liquid-gas  flow  in  the  field  of  centrifugal  forces.  The  value  of  the  coefficient  n 
taking  into  account  the  deviation  between  the  theoretical  Reynolds  numbers  Rem^nt 
and  the  experimental  ones  Rem^n  should  be  determined  experimentally. 


— 


Moreover,  it  has  been  found  that  the  rotational  motion  of  the  wetting  surface 
brings  about  a decrease  in  the  values  in  comparison  with  the  Reynolds  num- 
bers which  are  indispensable  for  covering  the  whole  wetting  surface  in  the 

case  of  the  absence  of  rotation. 

1.  INTRODUCTION 

The  problem  of  minimum  unit  wetting  rate  has  been  considered  in  a series 


1 


of  studies  both  in  a theoretical  and  experimental  way. 

By  this  concept  the  minimum  unit  wetting  rate  defines  such  a wetting  value 
under  which  the  whole  covering  of  the  wetting  surface  by  a flowing  liquid  does  not 
occur. 

From  the  theoretical  considerations  presented  in  research  work£lJ  it  follows 
that  the  value  of  the  minimum  wetting  rate  /,rnin  in  the  case  when  the  gas  phase  is 
immobile,  is  decided,  among  others,  by  the  centrif  ugal  acceleration  a. 

This  study  is  a continuation  of  the  investigations  on  minimum  wetting  rate 
min  *n  a two-phase  flow  and  in  particular  refers  to  the  minimum  wetting  rate 
F min  t*ie  inner  surf  ace  of  a vertical  pipe  in  a countercurrent  two-phase  liquid- 

gas  flow  in  the  field  of  centrifugal  forces. 


In  this  work  the  process  in  which  the  flowing  liquid  wets  the  inner  surface  of 
the  vertical  pipe  while  the  gas  flows  from  the  bottom  toward  the  top  by  the  remain- 
ing section  of  the  pipe  is  called  the  countercurrent  two-phase  liquid- gas  flow. 


The  dependence  rm^n,  and  more  strictly  corresponding  to  it,  the  Reynolds 
numbers  Remjn  were  formulated  from  the  following  quantities:  centrifugal  acceler- 
ation a,  absolute  value  of  gas  in  extreme  angle  of  wetting  6 and  physical  proper- 
ties of  density  « and  viscosity^  fluids.  Results  of  the  theoretical  considerations 


| 
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made  it  possible  to  establish  the  effect  of  centrifugal  acceleration  a on  the  minimum 
values  of  Reynolds  numbers  Remjn. 

2.  THEORETICAL  MINIMUM  WETTING  RATES  71mint 

According  to  Hobler  [lj  the  total  kinetic  energy  eR  corresponding  to  the 
velocity  of  the  liquid  layer  in  a vertical  direction  and  of  the  energy  e of  tensions 
at  the  interfacial  surface  decides  the  minimum  value  of  the  unit  wetting  rate  7\unt’ 
in  the  case  when  the  gas  phase  is  immobile. 

r 

In  this  work  it  is  given  that  theXmint  value  is  also  decided  by  the  total  of 
the  unit  of  kinetic  energy  e^,  corresponding  to  the  velocity  of  the  liquid  layer  in  a 
vertical  direction  in  a countercurrent-**r  two-phase  liquid-gas  flow  and  the  unit  of 
energy  e^  resulting  from  the  appearance  of  tensions  at  interfacial  surfaces.  Con- 

n 

sequently  the  energy  deciding  the  value  a mint  can  be  presented  by  the  following 
equation: 

C — j-  cm.  ' ( 1 ) 


2.1  UNIT  KINETIC  ENERGY  eR 

With  attention  to  the  small  thickness  of  the  liquid  layer  in  relation  to  the 
inner  diameter  of  wetted  pipes  used  in  industry  ^2,3],  the  flow-off  of  liquid  along 
the  inner  surface  of  the  pipe  was  handled  as  the  flow-off  of  liquid  along  the  vertical 
flat  wall  £43 . 
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In  research  work  [ 4j  the  formula  is  given: 


ARtQ'x'1'  + BRec  - C-Ba?**-’*, 

(2) 

A 24,236  6 

(2a) 

„ _ 1 h'l'eM 

(2b) 

512,102  g9e  » 

G 56,368  * 

(2c) 

«-(*r 

describing  unit  kinetic  energy  ek  of  thejiquid  layer  flowing  off  along^he  flat  ver- 
tical surface.  The  quantity  Wg  denotes  the  average  velocity  of  gas  counted  in 
relation  to  the  surface  of  liquid  flowing  off,  equal  to  the  total  of  liquid  velocity  w'c 
on  the  surface  of  the  layer  and  the  absolute  velocity  of  gas  Wg^  described  by  the 


equation 


The  values  of  coefficient  b,  defined  as  the  ratio  of  mean  thickness  s of 
laminar  layer  of  liquid  in  a countercurrent  two-phase  liquid-gas  flow  to  the  mean 
equivalent  thickness  sz,  are  described  by  the  equation 


where 


given  in  wo 


rk  [4). 


•k 

e 

D 

*■4 

1 

s 

1 

(3) 

3 

16  ’ 

(3a) 

0,9085 

(3b) 
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Equations  (2)  and  (3)  are  designated  by  the  following  assumption  ^4j: 

(a)  the  liquid  is  distributed  equally  along  the  wetted  surface  by  an  ideal 

spray; 

(b)  after  a starting  path  the  liquid  flow  is  developed,  then  the  velocity 
0 profile  in  the  fluid  layer  is  stabilized; 

(c)  the  flow-off  of  the  liquid  is  laminar  with  the  omission  of  surface  undula- 
tion, the  liquid  then  flows  as  a layer  of  identical  thickness; 

(d)  the  phenomenon  of  detachment  of  drops  from  the  layer  of  flowing  liquid 
does  not  occur; 

(e)  mass  transfer  does  not  occur  nor  does  a heat  transfer  between  the  fluid 
and  gas. 


2.  2 UNIT  TENSION  ENERGY  e^ 

The  image  of  tensions  at  interfacial  surfaces  in  the  case  of  centrifugal 
acceleration  is  presented  in  Figure  1 [f).  Energy  E^  corresponding  to  the  tensions 
presented  is  described  by  the  following  [lj 

— Tl  + FjOt.i  + FiOj-j.  (^) 

After  establishing  equilibrium  of  forces  for  the  given  assembly  solid- liquid- 
gas  the  equation  [0  is  fulfilled 

*,_»  - 00*10 

Considering  the  last  equation  in  relation  to  (4)  we  get 
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I TMMMA 


(?) 


Imag«  of  surface  tensions  at  interfacial  sttrfaoe  in  the  case  of  wetted  surface  ro- 
tation 

1 - cialo  stale  - soUd,  t - dec*  - U<pdd,  t ■—  |u  - SM 


Bringing  to  this  equation  the  concept:  unit  tension  energy  q^E^/FU/m2) 
and  the  degree  of  surface  covering  by  liquid  xsF^/F,  after  simple  transformations 


we  get  the  equation 


where 


«,  = Dx-xn+H, 


D — o,_,(l  — oosfl),  H = 0,_,  CO80  For, 


The  quantity/  appearing  equation  (6)  denotes  the  shear  stress  at  surface 
being  the  result  of  the  occurrance  of  centrifugal  acceleration  (Fig.  1 ) . Then, 

theoretical  considerations  conducted  by  Hobler£l]  lead  to  the  following 


= 2 * 


describing  the  value  of  stress  t. 


The  thickness  s^of  the  laminar  liquid  layer  is  described  by  the  equation 


g,  = 0,9085 


given  in  work  [4]. 
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With  attention  to  the  only  partial  liquid  covering  of  the  wetted  surface,  the 

t. 


local  Reynolds  number  Rec^j”can  be  presented  by  the  equation  £5j  : 

4J1  40 


BeCtl  = 


-Be e. 
x 


(») 


1c  *1c 

The  Reynolds  number  Rec  is  calculated  as  if  the  entire  surface  were 
covered  by  a layer  of  liquid,  flowing  with  mass  rate  G. 


It  is  easy  to  note  that  when  the  layer  of  liquid  covers  the  enti  re  wetted 
surface  evenly,  then  x=l,  the  value  of  the  local  Reynolds  number  Rec  ^is  equal 
to  average  Reynolds  number  Rec. 


Considering  the  equations  (8)  and  (9)  in  equation  (7)  we  finally  get 


or 


r = 0,4127  b 

r = KR^x~»*, 


(10) 


where 

K =0,4127  b <£<»,«. 

Using  equation  (10)  with  reference  to  (6)  we  may  write 

e.  ^Dx-KBtfx'b+H. 


(10a) 


(ID 


^ As  already  mentioned  the  total  of  the  energy  e^  and  ^decides  the  value  of 
^rnint-  Considering  equations  (2)  and  (11)  with  reference  to  (1)  the  following 
equation  is  obtained 

• - ABe*x-»'  + BBec-CRe?x-llt  + Dx~KRe?,xll,  + H,  (12) 
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defining  the  whole  unit  energe  e. 


In  order  to  illustrate  this  equation  Figure  2 presents  the  values  of  factors 
e-H  for  0=10°,  Wg^slOm/s  and  several  Rec,  a and  x. 

The  relative  gas  velocity  Wg,  occurring  in  the  quantities  B and  C of  this 
equation  are  calculated  according  to  the  equation 

wg=  wgb  +w'c, 

where 

f &•*  logvfgi 

• 2„c  8 T,'  ’ 

designated  in  research  work  RT- 


The  calculation  of  the  value  e-H  was  made  for  the  water-air  system,  whose 


r 


physical  properties  are: 

Qe  = 998,6  kg/m*,  =»  1,17  kg/m»,  Ve  - 1,09  10~*  kg/ms, 

V f = 1,8  ’10-1  kg/ms,  a = 73,05  10"*  Jf/m. 

The  inner  diameter  of  the  pipe  Dj  s 0.  03m  was  taken  into  calculation.  The 
absolute  air  velocity  Wgb  was  smaller  than  the  velocity  of  the  choking  up  of  the  pipe, 
who.  ? values  were  calculated  on  the  basis  of  the  equations  given  in  research  work 
[7]-  The  values  for  coefficient  b,  occurring  in  the  quantities  A,  B,  C and  K,  were 

3 

determined  by  secant  method  L€  according  to  equations  (3),  (3a)  and  (3b).  Results 
of  the  calculations  are  graphically  presented  in  Figure  2. 

From  Figure  2 which  presents  the  equations 

e-H  = f(Ree,  a,  x,  9,  «**)  «£ =/(2fcJ,  *,  9,  to*), 

it  can  be  observed  that  for  large  values  of  Reynolds  numbers  Rec(Re*c)>  for  example, 
larger  than  100,  the  lowest  values  for  the  function  e-H,(e0-H),  consequently  the 
smallest  value  for  energy  e (e*^)  occur  when  the  wetted  surface  is  completely  covered 
(xsl).  It  is  a different  situation  for  small  values  of  Reynolds  numbers  Rec(Re®), 
for  example  smaller  than  40,  since  the  highest  value  of  energy  e (e^)  corresponds  to 
a complete  covering  of  the  surface  (xrl).  It  should  be  expected  that  in  a range  of 
40  to  100  the  system  will  aim  at  a tear  in  the  liquid  layer  so  as  to  result  in  achieving 
for  the  given  case,  the  smallest  energy  value.  As  an  example  for  ^slo°  and 
Wg^s  10m Is  the  tendency  for  tearing  of  the  liquid  layer  occurs  approximately  in  the 
following  Reynolds  numbers: 
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Fig.  2.  Value*  oi  function  e — H calculated  from  equation  (12)  for  0 = 10°,  vs#,  - 10  m/* 

and  several  S*e,  * and  a 
— - — a — 0,  -.-.a  - SO  m/1‘, a - 100  m/»* 
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• - 0,  R*\  « gel.-.  £*  08, 

<s  = 00  m/g*,  Ree  «=  Be-.-,  =*  54, 
« =■  100  m/g*,  Be,  = =*  46. 


The  stretching  of  the  liquid  layer  on  the  whole  wetted  surface  should  require 
an  additional  supply  of  energy.  Tlis  results  in  the  fact  that  the  values  Rec  , near 
which  the  tearing  of  the  liquid  layer  can  be  expected,  are  closely  connected  with  the 
centrifugal  acceleration  a,  with  unchanged  values  for  the  remaining  parameters. 

The  values  RecsRemint  in  the  field  of  centrifugal  forces  are  lower  in  comparison 
with  the  Reynolds  numbers  Re°c  = Re®mint  in  the  case  when  a=0.  Moreover,  with 
an  increase  in  the  value  a there  occurs  a decrease  in  Reynolds  numbers  Rec=Remint 
whereby  the  tendency  appears  for  the  tearing  of  the  layer  of  liquid  previously  cover- 
ing the  whole  wetted  surface. 

Tearing  of  the  layer  of  liquid  covering  the  whole  wetted  surface  can  be 
expected  when  the  system  reaches  the  lowest  value  of  energy  for  0<x^l  (5).  The 
appearance  of  the  til  minimum  of  energy  e defines  the  condition  de/dxsO. 

The  unstable  condition  of  the  liquid  layer  answering  to  the  theoretical  value 
of  Reynolds  number  Remjnt,  is  defined  by  the  smallest  value  of  energy  e in  the 
case  when  xrl.  Justification  of  this  statement  is  given  in  research  work  [4^. 

After  introducing  to  the  derivative 
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1 


~ - lARtfs-V  + lGWx-w+D- _ 0 


the  value 
that  it  is 
obtained 


* x=l  and  using  the  index  mint  with  the  Reynolds  number  to  emphasize 
a theoretical  minimum  Reynolds  number  value,  the  following  equation  is 


/ 3 D + CR4Hnt  - KRe**mt 

1 . 2A  ) ‘ 

(13) 

In  the  case  where  there  is  no  centrifugal  force,  consequently  when  a=0,  the 
quantity  K=0  and  equation  (13)  takes  the  form 

, <„, 

and  thus  the  very  same  as  the  equation  defining  the  theoretical  minimum  Reynolds 
number  Re°mint  in  the  countercurrent  two-phase  liquid-gas  flow  designated  in 
research  work  £4]. 


Theoretical  Reynolds  numbers  Remint  are  calculated  on  the  basis  of 
equation  (13)  for  a water-air  system  at  20°C.  for  several  angles  of  wetting.  $ and 
velocity  wgb  are  presented  in  Figure  3,  while  in  Figure  4 the  values  (Re°mint- 
^emint^  ^e^mint  are  g^ven  depending  on  acceleration  a for  these  same  parameters. 

It  can  be  stated  that  the  rotational  movement  of  the  wetted  surface  brings 
about  a decrease  in  the  value  Remint  in  comparison  with  Reynolds  numbers  Re°mint 
necessary  to  cover  the  whole  wetted  surface  in  the  case  of  no  rotation  (a=0). 
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Fig.  3.  Valuta  of  theoretical  minimum  Reynolds  numbers  Rem i„t  calculated  from  equation 
(13)  for  several  angles  6 and  gas  velocities  i e# 

1. — f.  - 10 
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Fig.  4.  Dependence  of  values  (RsS^al— Re^t)/^*miat  on  centrifugal  acceleration  a,  for 
several  gas  velocities  w*  and  angles  9 


Evident  also  is  the  strong  dependence  of  the  value  Remjnt  on  the  extreme 
angle  of  wetting  0 and  the  appearance  for  the  given  acceleration  a of  a Hp  larger 
reduction  of  the  value  Remint«  *n  relation  to  Reynolds  numbers  when 

a=  0,  on  surfaces  indicating  smaller  angles  of  wetting  6 , with  unchanged  values  for 
the  remaining  parameters.  Moreover,  it  can  be  noted  that  with  given  values  of  9 
and  a,  a greater  reduction  of  value  Remint,  compared  with  Re0mint,  takes  place 
for  greater  gas  velocities  wgb.  Finally,  Figure  5 presents  a change  in  the  value 
Re°mint^Remint  depending  on  acceleration  a and  velocity  Wgb. 


Kg.  5.  Dependence  of  ralaos  on  centrifugal  acceleration  a for  aoveral  gaa 

oebMitiea  and  angle*  • 

K^clm/a): «, - 1* 

It  can  be  noted  that  the  greatest  change  of  the  quotient  Re°mint/Remint 
takes  place  with  an  increase  in  acceleration  a on  the  surfaces  indicating  the  small- 
est values  of  the  angle  of  wetting  0 . Moreover,  it  is  worth  noting  that  the  values 
Remint  can  even  be  several  times  smaller  than  the  <-  Reynolds  numbers  Re0mint, 
with  these  same  values  of  the  remaining  parameters.  With  greater  velocities  Wgb 
the  values  of  the  theoretical  minimum  Reynolds  numbers  Remint  change  more 
quickly  with  a change  in  acceleration  a,  when  values  of  the  remaining  parameters 
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are  unchanged  (Figure  5).  It  is  worth  adding  that  equation  (13)  for  wgr  0 (then 
CsO)  takes  the  form 


(»g-«gLp 


(15) 


consequently  the  same  as  Hobler's  equation  defining  the  theoretical  minimum  Rey- 
nolds number  Re*mjnt  in  the  field  of  centrifugal  forces  in  a one-phase  flow,  given 
in  research  work£lJ. 


r 

3.  ACTUAL  MINIMUM  WETTING  RATE  /min 


Considerations  are  presented  which  are  irrespective  of  the  appearance  of 
phenomena  bringing  about  a deviation  of  the  minimum  wetting  rate  from  the  theo- 
retical value,  and  the  Reynolds  number  Remint  closely  corresponding  to  it  and 
determined  by  equation  (13).  As  was  previously  stated,  equation  (2)  was  determined 
by  assuming  the  appearance  of  a uniform  thickness  of  the  wetted  liquid  layer.  In 
practice,  as  a result  of  undulation  in  the  liquid  surface,  irregular  distribution  of  the 
liquid  through  sprayers,  etc.  , the  thickness  of  the  liquid  layer  is  not  identical  on 
the  whole  wetted  surface. 


Introducing  the  concept  of  the  ratio  of  irregular  wetting  n,  defined  as  the 
relation  of  actual  thicHness  sir)in>^'°^  the  liquid  layer  at  the  place  of  its  tearing  to 
the  theoretical  thichness  sm^n,  when  wetting  is  ideal,  then  nssmjn  ^sm^n  and 
using  in  this  equation  the  following: 
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= 0,908ft 

•nua  - O,0O85ft«M£«£a 


given  in  research  work  £$,  we  get 


/ ' 


The  number  Remin  ^lis  the  local  minimum  Reynolds  number  in  the  thinnest 


place  of  the  layer,  and  Remin  is  the  mean 


minimum  Reynolds  number. 


The  tearing  of  the  liquid  layer  is  the  most  probable  in  the  spot  where  it  is 

the  thinnest.  However,  the  value  of  ■ the  local  minimum  Reynolds  number  Remi„  ,7 

min,  1 

IS  not  known,  but  the  Remin  value  can  be  determined  on  the  basis  of  the  known 
equation  [2], 


Consequently,  let  us  express  the  local  minimum  Reynolds  number  Re  . , 

by  the  equation 


obtained  from  the  equation  (17). 


Assuming  that  theoretical  equation  (13)  governs  each  part  of  the  layer  of 

liquid  flowing  along  the  surface  and  using  in  that  equation  dependence  (18),  finally, 
we  get 

/3£+n4Clleitim-n*Klk2m\* 

‘ ( aSi j • <“> 
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The  high  exponents  with  the  n quantity  appearing  in  this  equation  indicate 
the  very  strong  influence  of  the  ratio  of  wetting  irregularity  on  the  values  of  the 
minimum  Reynolds  numbers  Reroin. 

Defining  n we  get  0<n^l,  then  the  wetting  irregularity  causes  an  increase 
in  the  value  Remin  in  comparison  with  the  theoretical  Reynolds  numbers  Remint. 

Other  phenomena  also  appear  which  bring  about  a deviation  in  the  experi- 
mental results  from  theoretical  predictions  and  at  that,  acting  in  the  opposite 
direction  consequently  decreasing  the  Remjn  values  in  relation  to  We 

can  include  in  them,  among  others,  vibration  of  the  apparatus,  undulation  of  the 
liquid  layer  in  a vertical  direction,  etc.  [1,  4,  9,  10J. 

Introducing  to  equation  (19)  additional  coefficients  which  consider  the  effects 
which  favor  surface  wetting,  would  be  pointless  since  practically  it  is  very  difficult 
to  isolate  them.  In  this  regard  the  n quantities  are  considerably  extended,  giving 
it  a character  of  adjustment  considering  the  appear  ance  of  all  the  phenomena 
bringing  about  the  deviation  of  theories  from  practical  cases. 

Unfortunately  the  n values  cannot  be  established  theoretically  but  must  be 
determined  experimentally  for  the  given  liquid-gas  system,  with  the  manner  used 
of  distributing  the  liquid  along  the  wetted  surface  £l  1-  15j  . 
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The  manner  of  experimental  determination  of  the  value  of  coefficient  n is 
presented  in  reaearch  work£l63  . In  the  cited  work  equations  are  also  given 
which  describe  the  n values  for  the  wetting  process  of  the  inner  surface  of  a 
vertical  pipe  in  a countercurrent  two-phase  liquid-gas  flow  in  the  case  of  the 
absence  of  rotation  of  the  wetted  surface. 


4.  CONCLUSIONS 


On  the  basis  of  the  considerations  carried  out  the  following  conclusions 
can  be  set  forth: 


r 

1.  The  dependence  T min  was  formulated,  and  also  the  Reynolds  numbers 
which  closely  adhere  to  it,  from  the  following  quantities:  mean  acceleration  a, 
absolute  gas  velocity  wgb,  extreme  angle  of  wetting  $ and  physical  properties  of 
flows  of  density^  and  viscosity  } , obtaining  as  a result  of  the  considerations  the 
following  equation 


ifanint 


1 3D  -I-  CR*2Jat  - KB^t  j3/t 


which  describes  the  values  of  the  theoretical  minimum  Reynolds  numbers  Re  • 

mint 

in  the  case  of  rotation  of  the  wetted  surface. 


2.  It  was  shown  that  the  rotation  of  the  wetted  surface  brings  about  even  a 
several  times  decrease  of  the  Remint  values  in  comparison  with  Reynolds  numbers 
Re°mint  when  there  is  no  rotation.  Moreover  for  given  acceleration  a,  a greater 
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decrease  in  the  Remint  value  in  relation  to  Re°mint  occurs  on  the  surfaces 
indicating  smaller  extreme  angles  of  wetting 0 when  the  values  of  remaining  para- 
meters are  unchanged. 


At  given  values  of  angled  and  acceleration  a,  a greater  decrease  in  Rey- 
nolds numbers  Remint  in  comparison  with  Re°mint  takes  place  for  greater  gas 


velocities  wflh. 


3.  Consideration  of  the  deviation  in  theoretical  values  of  Remint  from 
experimental  Reynolds  numbers  Remin  lead  to  the  equation 


in  which  the  quantity  n takes  into  consideration  the  phenomena  which  bring  about 
the  deviation  already  mentioned. 

4.  Equation  (20)  describing  the  minimum  Reynolds  numbers  Remin,  for 
the  velocity  of  gas  wgr0,  takes  the  form 


\ 2n‘ 


-n'Kl faffl.VW 
~ 2n*A  ) ’ 


consequently  the  same  as  Hobler's  equation  describing  the  minimum  Reynolds 
numbers  Re*min  in  the  field  of  centrifugal  forces  in  a one-phase  flow. 
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5.  Equation  (20)  when  there  is  no  rotation  of  the  wetted  surface  is  reduced 


to  the  equation 


^mln  — | 


(3D+n*C(B* 


describing  the  values  of  minimum  Reynolds  numbers  Reu  in  a countercurrent 
two-phase  liquid-gas  flow  without  rotation  of  the  wetted  surface. 


OZXACZENIA  - SYMBOLS 


centrifugal  acceleration 


or  # lamia arncj — untwy  eiecsy  -w  pnoply  win 


ratio  of  mean  thiokneae  * of  laminar  acceleration  in  two-phase  flow  to  mean 
equivalent  thickness  «, 


decay  spfywajqcej  m 

effective  diameter  of  pipe  taking  into  account  equivalent  thiekneee  of 
liquid  layer 

inner  diameter  of  wetted  pipe  * 

saasgia  psaypadajqea  na  jednoetkq  powierinhni  araacnaej  J/t 

energy  oorreaponding  to  unit  surface  area 

■"■If1  rr*n**i<*iV  f r* ■•* *V'  ***m-rj  gdy  it  — ft  J /r 

energy  oorreaponding  to  unit  surface  area,  when  a = 0 


energy 


overall  wetted  surface  area 


wetted  surface  area 


not  wetted  surface  area 
9 — prsyspisisanie  sily  siqfkodei 

acceleration  due  to  gravity 
O — psqdhsff  masewa  aieesy 
mass  flow  rate  of  liquid 
n - wspdlssyanih  huiahuyJITy 
correctional  oocfHoient 
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i — lininia  gnitisit  l^ll)infll — j *~T 

nuia  thickness  of  Uminar  liquid  layer 

#,  — '-rfrf1 — 

local  thickness  of  laminar  liquid  layer 
F — psqdkedf  ubjqtetstasta-gasu 
▼olometric  flow  rate  of  gaa 
10  — fasinis  paqdknin  liniowa 
average  linear  velocity 

x — atopied  peksyeia  powtarrohni  liwiy 
ratio  of  surface  covering  by  liquid 

r — jsdnastbows  natqdonia  iraaiania 

unit  wetting  rate 

r*  — jadnustkowe  naiqlunie  ataaasniw.  gdy  a . ■ 0 
unit  wetting  rate,  when  • - 0 

r*  - judnualtvwu  uatytoaie  wiuiilt  w prsaplj  win  jndnofasowy  m (up 
unit  wetting  rate  in  one  pkqge  flow  (e^  — 0) 

rj  — jcpkudfi  dynamioeua 
dynamic  Tiaeoeity 

#.  - lailgpii;  wjuiiai  pmnasuaay  lininwy  die 
equivalent  linear  dimenaion  for  free  flow 

0 tqt  ahratay  miliwil  jinwinnrhnt 
extreme  angle  of  wetting 
X - aaplliaynnitr  a pore  hydeanliaaaego 
drag  coefficient 

e ~ 


m*/a 

m/a 

kg/m- a 
kg/m-  a 
—01  kg/m- a 
kg/m- a 
ego 


m 


density 

— nnjtjft*'*  paahndaiam 
surface  tension 

— naprq*~'lir  "*j 1 1 *"***1 

•hear  stress  at  surface 


kg/m» 

N/m 

S/m 


GROUPS 


R*c 


4£ 


m-4f 


®*ml« 


d*al» 


I/’ rain 


•dtg 


MODULY  BKZWYMIAROWK  - DIMKN8IONLI 

— lioaba  Reynolds*  decay 
liquid  Reynolds  number 

— liesba  Reynold**  eieesy,  gdy  o =>  0 
liquid  Reynolds  number,  when  a = 0 

— minimalna  liesba  Reynoldsa  eieesy 
minimum  liquid  Reynolds  number 

— minimalna  liesba  Reynoldsa  eieesy,  gdy  o - 0 
minimum  liquid  Reynolds  number,  when  a = 0 

— minimalna  liesba  Reynoldaa  eieesy  dla  prseplywu  jednofaaowego 
<•*»  - 0) 

minimum  liquid  Reynolds  number  for  one-phase  liquid  flow  (eg  ■ 0) 

— saatqposa  liesba  Reynoldsa  gasu 

— equivalent  gaa  Reynolds  number 
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